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. It has also been suggested that ingestion, retention, egestion and 85 possible re-ingestion of microplastics present potential mechanisms for the transport of 86 persistent organic pollutants (POPs), and also for the release of chemical additives from 87 plastics to organisms (Ryan et al., 1988; Tanaka et al., 2013 ). This will be dependent on the 88 nature of the chemical substance involved, the size of the plastic particle and from the 89 perspective of this study, the surrounding physical and chemical environment.
90
Estuaries are among the most productive marine environments, providing habitats for a wide 91 diversity of seabirds, fish and mammals and are economically important for the exploitation 92 of fish and shellfish (Allen et al., 2006) . As microplastics can be carried to the sea via rivers, Browne et al. (2010) showed that microplastics were abundant in the intertidal zone in the
103
Tamar estuary (UK) and Costa et al. (2011) showed that plastic debris is also found buried in 104 estuarine sediments. Salinity, temperature and the presence of dissolved organic matter 105 appear to be the main parameters governing the solubility of hydrophobic organic compounds 106 such as POPs (Delle Site, 2001) . Therefore, it is important to investigate the effects of each of 
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MSFD aims to establish "a framework within which Member States shall take the necessary 112 measures to achieve or maintain GES in the marine environment by the year 2020".
113
The present study investigated the sorption behaviour of phenanthrene (Phe) and DDT onto 114 unplasticised polyvinyl chloride (uPVC) and ultra high molecular weight polyethylene (PE), 115 due to their widespread presence in the marine environment (Browne et al., 2011; Frias et al., 116 2010; Graham and Thompson, 2009; Ng and Obbard, 2006; Thompson et al., 2009) 
Materials and methods

123
Sample preparation and characterisation
124
Unplasticised polyvinyl chloride (uPVC) and ultra high molecular weight (UHMW) 125 polyethylene powder (Goodfellow, Huntington, UK) were sieved to the size range 200 -250 126 μm to be representative of microplastics found in marine waters (Doyle, 2008; Thompson et 127 al., 2004) . PVC and PE were selected as plastics for study due to their widespread presence in 128 the marine environment (Frias et al., 2010; Graham and Thompson, 2009; Ng and Obbard, 129 2006 affect the count rate (Teuten et al., 2007) . The amount of contaminant in each phase was 159 quantified using a calibration curve prepared by counting known amounts of the contaminant.
160
Total recovery and recovery for each phase are listed in the supplementary information 161 (Table S1 ).
162
The distribution coefficient, Kd, was calculated using the equation: In order to characterise the effect of salinity on the desorption rates of contaminants from 182 plastic, Phe was sorbed to plastics as described above, giving final sorbate concentrations of 2
183
-4 μg g -1 . The filtered solid phase (10 mg) was transferred to a 100 mL amber jar, and 75 mL 184 seawater (full salinity, 35 psu) or 75 mL of MilliQ (0 % salinity, 690 S/cm) were added.
185
The jars were equilibrated in the dark in a water bath with rotary agitation (220 rpm).
186
Aliquots (1 mL) were removed at recorded times (0, 3, 6, 12, 24, 45, 75, 130 
Results and discussion
211
We sought to investigate the effects of salinity on the sorption and transport of persistent 212 organic pollutants (POPs) by plastic microparticles in riverine, estuarine and marine systems.
213
As model combinations, sorption equilibrium time of DDT onto PVC and Phe onto PE were 214 investigated in seawater (35 psu) and in MilliQ water over a period of 15 days (Fig.1 ).
215
Sorption equilibrium was reached in 24 hours and salinity was found to have no significant and DDT onto PVC respectively. This indicates that contaminants will reach equilibrium 218 conditions onto plastics relatively quickly in freshwater, brackish or marine waters. polymer follows a partition and pore-filling mechanism as opposed to Phe which may only 229 occurs through a pore-filling mechanism, thus explaining higher affinity of DDT for plastic increase in salinity, salinity might be a greater concern for the sorption of DDT onto plastics 232 than for Phe. As salinity had no effect on Phe, following a pore-filling mechanism, salinity 233 may have decreased the partitioning of DDT onto plastics. Solubility of organic compounds 234 decreases with an increase in salinity and salt content in aqueous phase affects partitioning of 235 organic chemicals into other phases (Borrirukwisitsak et al., 2012) .
236
The Freundlich model fitted the experimental data well with high correlation coefficients 237 (Fig.S5 and S6 and DDT from PVC and PE (Table 3 , p > 0.01, Table S4 ). Linear plots are shown in the 272 supplementary information (Fig. S8 and S9 ). Desorption rates for DDT from plastics were 273 much slower than for Phe (p < 0.01, Table S4 ) but no significant differences were found 274 considering the plastic type (p = 0.087, Table S4 ). and marine environment) (Fig.3) , using typical aqueous concentrations for these 290 environments (average values shown in Table 4 , full concentration listed in Table S5 ).
291
Statistical analysis showed significant differences between POP concentrations expected on 292 plastics for the different POP/plastic combinations (p < 0.01). The concentration of POP 293 sorbed onto plastics followed the order: Phe-PE >> DDT-PVC = DDT-PE = Phe-PVC.
294
Significant differences (p < 0.01) were also observed for POP uptake within the different 295 compartments (riverine, estuarine and marine waters) with some exceptions. Statistical 296 analysis showed that sorbed concentration of POPs from plastics was higher for estuaries 297 (salinity 17.5) than for freshwater and marine waters (p < 0.01, Fig.3 ).
298
Statistical analysis also showed that the concentrations of POPs in each environment were 299 more important (p > 0.01 and p =0.718) than the nature of the plastic (p < 0.01 and p = 0.001, 300 Table S4 ). Therefore the uptake and transport of POPs by plastics in estuarine conditions will 301 be more related to the input concentrations of the pollutants than the type of polymer present 302 as a carrier.
303
The amount of contaminants sorbed onto plastics is expected to be greater for plastics in 304 estuaries as compared to riverine or marine waters because aqueous POP concentrations are 305 greater in these environments (Fig.3) . Sorption equilibrium will be directly dependant on the 306 transport of microplastics from riverine to marine waters, including particle residence time 
332
Desorption studies indicated that desorption rates will remain consistent independent of 333 salinity. Amounts of desorbed contaminants are expected to be greater in estuaries where 334 particle retention time is expected to be the longest (Ballent et al., 2012) . Overall, desorption 335 rates of Phe from plastics in water were found to be faster than for DDT which is suspected to 336 remained sorbed onto plastics. The time required for the concentration of the contaminant 337 onto plastic in estuaries to reach to the concentration of sorbed contaminants in marine waters 338 was estimated using eq.3 and using desorption rates calculated in this study (Fig.S10 and 339 The results indicated that 5 days were required for the concentration of Phe sorbed onto PVC
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and PE in estuaries to desorb and reach concentration estimated in marine waters (Fig.4) Tables   606   607   Table 1 . Pollutants under investigation and associated parameters. Table S1 . Total recovery (%) of the contaminants (radioactivity) and recovery in each phase Table S2 . Two factor ANOVA and SNK post-hoc test for the effect of salinity on the sorption 
